Pathophysiological considerations predict that exercise blood flows at comparable work loads must always be reduced in claudicants in comparison to normal subjects. The present study verified that the exercise blood flow determined by 133xenon clearance measurements in the gastrocnemius muscle in claudicants and in a control group differed widely.
Y USING the 133xenon clearance technique, 1 2 it was possible for the first time to measure the exercise blood flow in human skeletal muscle with a relatively simple technique. 3 This method was employed in a study of exercise blood flow in patients suffering from intermittent claudication.4 It was demonstrated in this paper that the sensitivity of the method validated the expectations: exercise blood flow in 13 legs in which angiography had demonstrated occlusions of the iliac, femoral, or popliteal arteries was consistently lower than exercise blood flow in a normal control group.
The results demonstrated, however, coefficients of variation ranging from 18 to 87% with 97 measurements on the 13 legs. The mean value of the coefficient of variation was 33.3% (mean value for the exercise blood flow was 10.1 ml/ 100 g . min ). The mean value of the blood flow determined in repeated experiments on each leg corresponded well with the clinical impression as to the degree of vascular impairment. However, the use of this mean value may seem rather arbitrary in view of the fairly large coefficient of variation.
The present study investigated the validity of this mean value in measuring the degree of vascular derangement in comparison with standard techniques, such as venous occlusion plethysmography and walking distance.
Pathophysiological Considerations
In the normal leg only the resistance in the arterioles is of importance. When arterial occlusion occurs, a resistance in series is added in front of the arterioles.
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In patients suffering from intermittent claudication, the pathologically increased resistance in the arteries will cause a significant drop in the peripheral blood pressure, particularly when the resistance in the arterioles is low, as is the case during hyperemias which follow 5 min of ischemia or occur during periods of exercise.
These two conditions are not quite similar. During reactive hyperemia the muscles are relaxed, and therefore the hydrostatic pressure within the muscle is close to zero. During exercise the intramuscular pressure rises. When the peripheral blood pressure is less than the hydrostatic pressure within the contracting muscle, the blood flow through the muscle stops. In this connection it must be mentioned that the highest exercise blood flow in normal subjects is considerably less than the maximal reactive hyperemia. subjects and claudicants is to be expected at a work rate which is tolerated by normals and which provokes claudication in the patients.
Methods
The material consisted of 35 legs from 26 patients in whom angiography had demonstrated occlusions (lower aorta in one, iliac artery in five, femoral artery in 25, iliac plus femoral arteries in one, and femoral plus popliteal arteries in three). None of the patients had rest pain or trophic lesions. Apart from slight changes in the ECG and one patient with a blood pressure of 210/120 mm Hg, no patients had overt cardiac disease. The group included no diabetics. The mean value of the blood pressure of the patients was 146/97 mm Hg. The age of the patients ranged from 46 to 77 years (mean, 61 years). Four of the patients were females, 22 were males. All patients had been admitted to the hospital.
The control group consisted of 24 legs in 12 subjects (one female). The age ranged from 21 to 52 years (mean, 39). Two were members of the staff, four were students, and six were firemen. By physical examination they were found to be healthy. They had no complaints of cardiac or peripheral vascular disease; none were diabetics. 
Clearance
The examinations were planned in order to obtain the best experimental conditions with the given method: the 133xenon clearance measurements were repeated on different days, as only one exercise flow can be measured from each depot and because patients often have relatively high residue activity after the examination. In contrast, plethysmographic examinations were repeated at 10-to 20- After the injection the clearance rate was followed during 6 min of rest. Exercise was then performed for 6 min. In some cases claudication pains forced the patient to stop after 3 to 4 min. All patients reported claudication pain or pronounced tiredness. Loads from 8 to 18 kg were used. The metronome had a rate of 40 times/ min. In the postexercise period the clearance was followed for 15 min. Thereafter the other leg was examined.
Muscles with different physiological cross section will be strained differently in performing the same external exercise. Comparison of the muscle work in different persons was made possible by the following procedure.
The maximal plantar flexion force of each leg was measured on a strain-gauge dynamometer, while the patients were in the same position as on the ergograph. The exercise performed in measuring each exercise blood flow was corrected by multiplying the amount of work performed (in kg-m/min) by the inverse value of the maximal plantar flexion force in the same leg (in ton . cm). This value was called "the corrected work load."
In this way the variations due to differences in physiological cross sections of the gastrocnemius muscle were eliminated and work loads were made directly comparable. 3 In both the patient and in the control group the exercise blood flow determined by 133xenon clearance was measured three times.
The exercise blood flow was always measured at a "corrected work load" which was just above half of the maximal exercise intensity. Whitney's mercury-in-rubber strain-gauge plethysmograph was mounted on the thickest part of the calf. Calibration was done by a micrometer nut with the gauge in situ, as described by Whitney.10 Four technically satisfactory rest tracings were recorded after the ankle cuff had been inflated for 1 A differentiation between normals and claudicants may be obtained by using the time until the maximal value is reached, that is, the time in minutes from the end of exercise until the highest plethysmographic blood flow is recorded. Normals and claudicants will also differ considerably with respect to the 3-min flow value expressed as a percentage of the maximal value. This is due to the fact that resting flow values are reached much more slowly in patients than in normal subjects.
In the present study, this analysis was done on the plethysmographic material to determine whether the shape of the postexercise flow curve would render the sensitivity of plethysmography as great as that of the 133xe-non technique.
The results are seen in table 3. Both the time to maximal flow and the 3-min value expressed as a percentage of the maximal flow Figure 3 Mean values of the first flow in the postexercise period by plethysmography plotted against the walking distance in log scale for the claudicants. Walking distance was measured on a treadmill at a speed of 2 km/hr and on an uphill inclination of 50. The local 133xenon clearance technique has not gained general acceptance as a measure of muscle blood flow.
The relation of 133xenon clearance to directly metered blood flow in the isolated gastrocnemius muscle of cats has recently been evaluated during intra-arterial unit input, intra-arterial step input, and intramuscular injection of 133xenon. [17] [18] [19] The Thus, the main result obtained was that use of the exercise blood flow determined by the 133xenon technique gives a better discrimination between normals and claudication patients than does plethysmography, because the latter cannot readily be carried out during exercise. The highest mean value of the exercise blood flow in limbs with an occluded main artery was 16.6 ml/ 100 g . min and the lowest value of the control group was 26.5 ml/ 100 g . min. In the present study overlapping was found between the postexercise values in the two groups with plethysmography.
Relation Between the Blood Flow Measurements and the Degree of Functional Impairment (Walking Distance)
First it should be pointed out that even though the exercise blood flow was zero in two of the patients measured by 133xenon clearance, they were able to walk about 50 meters on the treadmill. This finding was corroborated by the observation that normal subjects in whom the circulation of both legs was completely interrupted by means of thigh cuffs were able to walk about the same distance ( fig. 2) (table 2) . However, when the day-to-day variation of the two methods is considered, the reproducibility is about the same.
From the present study it is thus concluded Circulation, Volume XXXVII, March 1968 that the exercise blood flow by the 133xenon clearance technique is a valid functional parameter of the degree of arterial insufficiency in claudicating patients, it yields a better separation of the blood flow values between normal subjects and patients, and the reproducibility is as good as plethysmography.
